M. Szpalski R. Gunzburg F. Balagué M. Nordin C. Mélot A 2-year prospective longitudinal study on low back pain in primary school children Introduction There is more and more evidence that non-specific low back pain (LBP) is common among children and adolescents [1, 2, 7, 8, 9, 11, 12, 13, 14, 17, 24, 31, 32] . Most of the reported studies are cross-sectional. Some, however, are longitudinal: Burton et al. followed a cohort of 216 adolescents between the ages of 11 and 15 over a period of 5 years, and reported figures of annual incidence of LBP increasing from 11.8% to 21.5% over the follow-up period. Lifetime prevalence of LBP increased similarly from 11.6% at age 11 to 50.4% at age 15 [9] . These results are in agreement with the results of Ehrmann-Feldman, who reported on 377 schoolchildren (mean age: 13.8 years) with no antecedents of LBP, and found a 1-year cumulative incidence of LBP of 17.2% [13] . Other longitudinal studies have been published by Brattberg in Sweden and by Nissinen and co-workers in Finland. The former followed 597 children aged 8 and 13 years, who were followed for 2 years. The incidence of LBP was 20% during the follow-up period [6] . The latter followed for 1 year 859 children aged 12.8 years, and found an incidence of LBP of 17.6% [23] .
A significant proportion of adolescents report recurrent or chronic pain [4, 19] . In a retrospective study of 648 paediatric patients, Combs and Caskey reported that "back pain with no organic cause" was the most frequent primary diagnosis (57.4%) [10] . Salminen and co-workers performed a prospective study with a 3-year follow-up, comparing adolescents with and without LBP [26] . These authors concluded that their results "favour the hypothesis of a causal relationship between the early evolution of degenerative process of lower lumbar discs and frequent LBP in some young persons" [26] . This topic was recently reviewed [4, 33, 35] .
Concerning the value of routine school examinations, Hertzberg studied the predictive value of such examinations by means of a comparison of the school health records of 302 subjects examined at the age of 16 with the results of a survey carried out 9-12 years later. No consistent risk factor for lumbar pain was found in that study [16] . From this overview of the literature, it appears that most studies concerning non-adults have focused on adolescents.
We report on a longitudinal prospective study aimed at finding the incidence of selected factors and evaluating possible prediction of LBP in schoolchildren, aged 9-11 years, in the state school system. The literature reviewed above indicates that this is a younger age group than has previously been studied, except for the cross-sectional study by Mierau et al. [20] .
Materials and methods

Recruitment of schools
This study was performed on school children in the city of Antwerp, Belgium. Antwerp has a state and a religious (Catholic) school system. All schools are co-educational. Schooling is compulsory, free of charge, and there is freedom of choice of school system. This study was performed within the context of the state school medical health system, with the collaboration of the school physicians. The physicians acted as independent examiners of the children at routine compulsory medical examination at 9 and 11 years of age. All children available for medical examination in 1997 were included in the study.
Subjects
At entry to the study, there were 392 children. During the 2-year period between the first (time one, T1) and second (time two, T2) examination, a restructuring of the school medical health system was introduced. This happened without prior knowledge of the research team involved in this study. The result was that certain schools were referred to a medical health centre outside the city boundaries. This left a total of 287 children available for the longitudinal study.
Questionnaire
At the first examination (T1), all children were asked to fill in a questionnaire. The survey (published as an Appendix in a previous issue [15] ), included questions on: demographics (age, gender), perception of vision and hearing, need of spectacles, need of braces, leisure time activities (television watching, video games, sports activities, sports competition), sleep patterns and tiredness, perception of health and happiness, back pain (prevalence, disability of back pain, healthcare utilisation, parents' back pain) and walking pattern to school and type of school satchel, including carrying style. The questionnaire was composed of easy yes/no questions and visual analogue scales. Two years later (T2), the children were asked to fill in the same questionnaire again. This time there were two additional questions: "Do your parents smoke?", and "Are your parents divorced?" The children filled out the questionnaires themselves at the annual school medical visit. Their own regular teacher gave them instructions on how to fill it in.
Medical low back examination
The routine medical examination was performed in an identical manner by the same school doctors at T1 and T2. The medical examination included measurement of height (barefoot) and weight (undressed); inspection of posture (normal, hyperkyphotic, hyperlordotic, scoliosis and flat back), pelvic area (normal, café-au-lait spots, hypertrichosis, sinus and lipoma) and lower extremity (genu vara, genu valga, flat feet, hollow feet and valgus feet); testing for left and right sacroiliac pain (trunk forward and lateral flexionfinger to floor distance); and testing for painful palpation (iliolumbar ligament, processus spinosus L1-S1 and the paravertebral muscles in the lumbar area). The physicians were blinded to the results of the questionnaires and medical evaluation at entry to the study (T1).
Statistical analysis
An independent student not participating in the study entered the data. Accuracy of data entry was tested on 30 questionnaires picked at random. One mistake was detected and corrected. Another set of ten randomly picked questionnaires was tested, and no mistake was found. The subjects were compared in two ways: first, those who had never complained of LBP were compared with those who had experienced LBP between the two interviews (no LBP at either T1 or T2 vs New LBP); secondly, those who had never suffered LBP were compared with those who had reported LBP on both occasions (no LBP at either T1 or T2 vs LBP at both T1 and T2). Using univariate logistic regression analysis, predictors of New LBP versus no LBP at either T1 or T2 and LBP at both T1 and T2 versus no LBP at either T1 or T2 were screened. Using a stepwise procedure, all predictors with a significance of P<0.10 were then entered into a multivariate logistic regression model, after checking for multicollinearity among the retained predictors. A value of P<0.05 was considered significant. Results are expressed as odds rations (OR) with 95% confidence intervals. Results are expressed as mean ±SD, except for ORs, which are expressed with their 95% confidence interval.
Approval of the study Ethical approval was obtained from the Inspector General of the state schools of Antwerp. All data were treated confidentially by the research group. There were no links between the school inspectors and the research group.
Results
Only the results of those 287 children seen at both T1 and T2 were analysed. Table 1 shows the characteristics at both times. Fifty-three children (18.4%) who reported a life prevalence of LBP at T1 did not report it at T2.
At T2 there were 51 children (17.8%) who reported having had at least one lifetime episode of LBP and who had not reported such an episode at T1. They will be referred to as new LBP cases (New LBP). Responses to all the general questionnaire items (general health, health perception, sports activities, carrying of satchels, etc), as well as the results of the clinical examinations, for T1 and T2 respectively, were compared. Only one parameter showed a statistical difference: New LBP was observed significantly more frequently in children who do not walk to school (P<0.0001). No further predictors for LBP in children could be identified. Of the 51 New LBP children, 50 reported having had LBP the day prior to the examination. Using logistic regression techniques, we analysed the data of (1) the children who reported no lifetime episode of LBP at both T1 and T2, (2) those who reported a lifetime episode at both time points, and (3) those who reported a history of LBP at T2 only (New LBP). These results are reported in Table 2, Table 3, Table 4 and Table 5 . 
Discussion
Undoubtedly there are cases where a serious underlying disease is the cause of LBP in children. It is a challenge to single these out and provide adequate treatment. This paper, however, focuses on non-specific LBP. This study is of particular interest as it is longitudinal and concerns younger children than those reported on in most studies. Furthermore, the children themselves filled in a validated questionnaire, and their physical examinations were performed by independent observers.
At the start of this study, we found a lifetime history of LBP of 36% in this group of 9-year-old schoolchildren [15] . Two years down the line, when the same children were 11 years old, we found an almost identical lifetime history, of 35%. This is similar to the lifetime cumulative incidence of 30% observed in a cross-sectional prevalence study in 14-year-old schoolchildren by Salminen et al. [25] . An overall prevalence of 41% was found by Troussier et al. in a study on schoolchildren [32] . After the age of 11 years, they found that this percentage increased. Similar observations were made by Burton et al. [9] and Kristjánsdóttir [17] , who respectively found a prevalence of 12% and 21% in 11-to 12-year-old children, rising with increasing age. Such an increase in prevalence with age was also found by Taimela et al. [31] and LeboeufYde et al. [18] , although they only observed a 6-7% lifetime prevalence in 10-to 12-year-old children. This progressive increase in lifetime reported LBP, starting at a very early age, raises the question as to the need for further research into the aetiopathogenesis of LBP, with the view to provide adequate preventive measures.
However, most of those reports are cross-sectional studies carried out in children not as young as those included in our study. To our knowledge, only Brattberg collected prospective data in children from the age of 8 years to 10 years, and the figure was 16% over 2 years [6] . Moreover, the data by Burton et al. [9] are similar enough to make a comparison. In this study, the incidence between the ages of 11.7 years and 12.7 years was 11.8%.
Another interesting point of this study is that 53 children (18.4%) who had reported a lifetime history of LBP at T1 did not do so at T2. Different explanations can be suggested. Firstly, it may be that LBP in children is so benign and its natural history so favourable that the memory of the episode fades away. This is consistent with the findings of Goodman and McGrath, who recommend avoiding protracted time scales as they may cause a recall bias, with respondents forgetting back problems experienced in previous years [14] . It is also consistent with the findings of Burton et al. [9] , who reported that 60% of adolescents forgot previous episodes of pain. Savedra et al. [27] found that pain vocabulary changes according to cognitive development. In our study, we found that 50 of the 51 children reporting New LBP also reported having suffered LBP the day prior to the examination. This further suggests that children have difficulties grasping the concept of lifetime events, or simply forget previous episodes.
One possible hypothesis is poor reliability of the questionnaire. However, this questionnaire was thoroughly tested in that age group, using test-retest techniques, and demonstrated a high reliability [15] . This is in accordance with Staes et al. [30] , who showed high levels of reproducibility in a test-retest evaluation for items that evaluated perceived characteristics of back problems and limitations in adolescents.
Out of the very extensive list of investigated variables, only a limited number showed a relation with the persistence or occurrence of LBP in children. This is consistent with the reported literature on the subject [12] .
Some variables linked to direct consequences of LBP (absence from school, absence from gym and visit to a doctor) play a significant role in children reporting LBP at both examination times. However, those variables were not retained in the multivariate model, suggesting that this association is contingent on other factors.
Staes et al. [29] found that the prevalence of LBP increased with body mass index in a group of schoolchildren aged between 15 and 21.
The weight (or perception of weight) of the satchels is related to ongoing LBP (no LBP at either T1 or T2 vs LBP at both T1 and T2) in both univariate and multivari-462 ate models. This is also described by Negrini et al. [21] , who reported that Italian schoolchildren carry more than 30% of their bodyweight at least once a week, exceeding limits proposed for adults (10-15% of bodyweight). In this Italian study, there was a correlation between children's subjective perception of weight and backache, but no relationship between the actual weight of the satchel and LBP. Taking into account that repetitive loading of the spine is a known risk factor for LBP, and given the concordant findings of different studies, we think that efforts should be undertaken to reduce the load carried by children. The weight of the school bag appears to influence the persistence of LBP rather than its appearance, as it is non-significant in New LBP children. Viry et al. [34] found LBP to be significantly associated with walking to school rather than being driven to school -an observation that conflicts with the results of our study. Our findings are in agreement with those of a recent study carried out in Norway [27] .
Painful palpation at the lumbo-sacral region is strongly associated with ongoing LBP in both uni-and multivariate analysis, but in the case of New LBP, the association appears only in univariate analysis. While this parameter is therefore not predictive of the onset of LBP, it could, nevertheless, suggest that children complaining of "chronic" LBP may be more sensitive to palpation of the region perceived as the origin of pain.
One of the few truly objective variables, body weight, is not retained in the ongoing back pain regression models; however, it is present in both uni-and multivariate models predicting occurrence of New LBP. While no definite conclusion may be drawn from this, it may be speculated that, with age, children develop an increasing awareness of their subjective body feeling and appearance. This would be in accordance with the health perception significance.
Having parents complaining of LBP appears significant in univariate logistic regression. However, that variable does not remain in the multivariate model, suggesting that other variables are the explanation of this association. This confirms the findings of Borge and Nordhagen, who showed no association between child and parental LBP [5] .
While playing videogames was an important factor in the cross-sectional study at T1, it does not remain strongly present in a predictive longitudinal model. It is open to speculation as to whether the origin of this change may lie in the relation between the age of children and relevant aspects of videogame playing, e.g. type of games, position and fatigue.
A number of health perception variables appear in the univariate analysis of ongoing versus no LBP (quality of sleep and falling asleep, being tired without reason, general happiness and health perception); of these factors, quality of falling asleep and general happiness remain in the multivariate model. In the New LBP analysis, health perception is present in both models.
It is extremely interesting to note that among the few significant variables, those related to general well being and self-perception of health are prominent. It appears, therefore, that psychological factors play a role in the experience of LBP, in a similar way to what has been reported in adults [28] . Poor self-perception of health (health belief) could be a factor enabling the occurrence of LBP, since such perceptions were significantly found only in the New LBP children. Those results are in accordance with the findings of Balagué et al. [3] . Brattberg [6] found statistically significant relationships between social, psychological and emotional factors and LBP and headache, indicating areas of problems where interventions targeting pupils at risk may be appropriate.
More variables, especially in the univariate models, are significantly associated with ongoing LBP (both at T1 and T2) than is the case with New LBP. This may suggest that in those children with "chronic" complaints, more confounding factors tend to be interrelated and play a role in the ongoing symptoms.
